The Lower Hybrid (LH) wave has been used for many years, the modeling of the driven current remains a difficult challenge. Indeed, the plasma is almost transparent for the narrow launched power spectrum excited by the antenna, as it is peaked at a low parallel refractive index N ||0 as compared to the required value N ||L for a strong linear absorption. Many mechanisms have been identified for bridging the well-known spectral gap N ||L -N ||0 . Among them, the toroidal refraction has been widely preferred, being intrinsic for all large aspect ratio tokamak magnetic configurations. The assessment that the dynamics of the LH wave may be well described with this single mechanism from moderate to large spectral gap regimes has been investigated in the TORE SUPRA tokamak by quantitative simulations of various moments of the non-thermal electron distribution function like the fast electron bremsstrahlung (FEB), using a ray tracing code coupled to a solver of the 3-D bounceaveraged relativistic electron Fokker-Planck equation. For moderate spectral gaps, the N || upshift resulting from toroidal refraction allows to quantitatively reproduce the experimental observations, which is also a validation of the whole chain of codes used for the simulations.
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When the spectral gap becomes large, the experimental phenomenology may still be well described quantitatively with the same tools, but the launched power spectrum must be already broad at the plasma edge. Besides the remarkable agreement with the FEB profiles, this heuristic modeling can also explain the anomalous drop of the FEB level at high density.
In this paradigm, the power spectrum fluctuates with a characteristic time much smaller than the fast electron slowing down time. This effect may result from the random diffraction of the LH wave in the near vicinity of the antenna by high frequency and short wavelength fluctuations along the magnetic field direction in a narrow plasma layer, as suggested by recent full-wave calculations, the standard scattering process at the plasma edge being unable to broaden the launched power spectrum. The range of validity of the LH model is investigated by simulating LH discharges in the EAST and C-MOD tokamaks which are well diagnosed for this purpose. Implications for the LH wave in ITER are discussed.
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